Summary.-Four albumin conjugates of oestradiol. labelled with fluorescein or peroxidase to permit visualization under light or fluorescence microscopy, were synthesized. These were used to examine the feasibility of identifying oestrogen binding in frozen section by two published histochemical techniques. In a variety of experimental tissues and human breast cancers, binding of the oestrogen conjugates was demonstrable, but it appeared nonspecific (i.e., rarely displaceable by competitor) and unrelated to oestrogen receptor (RE) status of the tissue as determined biochemically by assay with dextran-coated charcoal.
IT IS NOW WELL ESTABLISHED that the determination of the oestrogen receptor (RE) content of breast-cancer specimens is of value in planning therapy (Hawkins et al., 1980) . Techniques in current use for RE assay involve the homogenization of a sizeable portion of tumour (160-250 mg preferred in our laboratory) and are expensive in terms of equipment, radioactive reagents and technicians' time. Recognition of these and other limitations of current biochemical methods has led several groups to investigate techniques for the identification of RE in frozen section by immunohistological or histochemical means (Nenci et al., 1976; Mercer et al., 1978 Mercer et al., , 1979 Pertschuk et al., 1979; Lee, 1979; Walker et al., 1980) . Using histochemical methods, at least two groups (Pertschuk et al., 1979; Walker et al., 1980) have reported a good correlation with the results of biochemical RE assays using dextran-coated charcoal (DCC) or sucrose density gradient (SDG). Such histochemical techniques are of potential clinical value, since little tumour tissue is required and allowance can be made for tumour heterogeneity. In setting up a histochemical system for the identification of the RE protein, several technica] and theoretical problems must be overcome Firstly, the fact that RE is a component of the soluble cytoplasm may allow it to "leach out" into aqueous processing media from unfixed cells disrupted by the cutting of frozen sections; this possibility has recently been discussed by McCarthy et al. (1980) . Secondly, the ability of RE to bind to oestrogen is well recognized as a labile property which might be well impaired if fixative were used to immobilize RE within the tissue section. Thirdly, the conjugation of oestradiol to tracers which can be visualized histochemically might seriously impair the binding of the oestradiol moiety to RE. Lastly, the concentrations of oestradiol conjugates and of competitive receptor-blockers advocated for histochemical techniques are so high that binding may not be limited to the high-affinity RE, but might also occur at nonspecific binding sites.
In this paper we report on our experience with the histochemical techniques of Pertschuk et al. (1 979) and Walker et al. (1980) and also on our findings in relation to the 4 technical problems outlined above.
MATERIALS AND) METHODS
Oestradiol-1 7/-BSA -ftuorescein conjugates.-Conjugates were prepared by the mixed-anhydride method of Erlanger et al. (1957) . Briefly, oestradiol-17/ hemisuccinate (Sigma) was activated by reaction with tri-n-butylamine and isobutylchlorocarbonate in dioxane and then bovine serum albumin (BSA) was added to the reaction mixture. After dialysis, the resulting oestradiol-BSA conjugate was allowed to react with fluorescein isothiocyanate (FITC. Baltimore Biological Laboratories) and again dialysed. Two conjugate preparations of this type were used. The first was a gift from Dr L. Pertschuk and contained 4 mol of oestradiol (linked via the C17 position) and 5 mol of fluorescein per mole of BSA. The second was synthesized by us using the same method. Both were used at a final concentration of 50 ,tg/ml (equivalent to 370 nm with respect to the entire conjugate molecule). In addition, a conjugate comprising only BSA and FITC was synthesized for the assessment of nonspecific fluorescein-labelling of tissues due to binding of BSA.
Oesteradiol-17f-BSA-per-oxidase conjugates.
Conjugates were prepared by the methods of Nakane & Kawaoi (1974) and of Avrameas & Ternynck (1971) . In the former, reactive aldehyde groups were created by reaction of horseradish peroxidase (HRP, type IV. Sigma) with sodium periodate. After dialysis.
the resulting aldehyde mixture wias allowed to react with 173-oestradiol-6-0-carboxvmethyloxime-BSA (from Steraloids: 33 mol of steroid/mol BSA). The resulting conjugate was stabilized by sodium borohydride treatment and purified by dialysis and final chromatographv on a 100 x 1 2cm columnl of Sephadex G10( to remove low-mol.-wt precursors. In the second method, the reactive aldehyde groups were created by reaction of HRP with glutaraldehyde, the product of activated peroxidase being purified by chromatography on a 60 x 1 2cm column of Sephadex G25. The purified product was allowed to react with 17fl-oestradiol-6-0-carboxy-methyloxime-BSA, and the resulting conjugate was stabilized by the addition of lysine, dialysed and purified by chromatography as above. These methods are reported to combine 1-4 mol of HRP with each mole of the BSA-steroid conjugate. The final conjugate concentrations were determined empirically by preliminary straining of sections of rat uterus: determination of the protein concentration (Bradford, 1976) A series of tissues were assayed for RE by the biochemical method and also processed histochemically. The slides were scored for intensity of staining by one of us (G.C.P.) without prior knowledge of the biochemical result.
Investigationt of losses of RE during section cutting.-To study possible losses of RE due to histochemical processing of specimens, RE-rich tissues (rat uteri and DMBAinduced rat mammary tuinours) w-ere assayed for RE with and without being subjected to various steps of histochemical techniques. Firstly, the effect of simply cutting a portion of tissue into 4,um frozen sections and, secondly, the effect of exposing unfixed 4[m and 14ym sections to aqueous buffer were investigated. In the latter case, both the sections and the buffers to wNhich they had been exposed wAere assayed for RE.
Investigation of losses of RE during fixation.-Two different fixation processes were studied -with regard to their effects on RE: firstly. fixation in acetone for 4 min before incubating the tissue with steroid (Walker et al.. 1980 ) and secondly, fixation in ethanol/ acetone for 10 min after incubation (Pertschuk et al.. 1979) .
Rat uteri wzere exposed to acetone. hiomogenized in buffer and centrifuged to yield a cytosol and an insoluble pellet. Both the cytosol and the pellet were then assayed for RE, the first biy the standard biochemical method and the latter by incubation of aliquots of the pellet with mixtures of tritiated and unlabelled oestradiol, followed by removal of unbound steroid by washing the pellet in buffer (based on the method of Anderson et al., 1972) .
To study fixation with ethanol/acetone. an RE-rich tissue (DMBA-induced rat mammary tumour) was cut into slices (-0 5 mm thick) which were incubated for 1 h at 25TC
in Krebs bicarbonate buffer containing 3H-oestradiol (0.18 nM) with or without excess unlabelled oestradiol (92 nM). (These conditions should effect a specific uptake of 3H-oestradiol into the cell nucleus- Hawkins et al., 1978) . After incubation and brief rinsing in buffer, the slices were immersed in the fixative for 10 min, then extensively washed in buffer. Control slices w%ere processed similarly but omitting the fixation step. All slices were then digested in 5N NaOH and mixed with aqueous scintillator to permit determination of 3H uptake by scintillation counting. The histochemical technique of Pertschuk et al. (1979) was applied to a range of human and rat tissues which had been designated RE+ or RE-by biochemical assay. Morphologically similar RE+ and RE-tissues (rat uterus and duodenum) exhibited widespread fluorescent labelling of remarkably similar distribution. In neither case was the fluorescence diminished by the presence of either DES or the anti-oestrogen, CI 628, even when the concentration of competitor was increased to the point of sturation. Widespread fluorescent labelling which could not be "blocked" by the presence of competitors was also seen in all speci- Table I . In all 19 assays on tissues which had high or moderate RE levels on biochemical assessment, cellular uptake of conjugates was demonstrable. However, reproducibility was poor, and in only 4 of those 19 cases could such uptake be diminished by the presence of an unlabelled competitor ("blocking"). Even in these 4 cases, the competitor had to be used in saturated solution to achieve blocking. Cellular uptake of conjugate was also demonstrable in many tissues which were RE poor by biochemical assay; blocking was not demonstrable in any of these tissues. Cellular uptake of conjugate was absent from only 2 of the 6 tissues which were REpoor biochemically. Overall, therefore, agreement with biochemical assay was obtained in only 6/25 assays: 4 RE-rich tissues where cellular uptake occurred, and could be blocked, and 2 RE-poor tissues where no uptake occurred.
Loss of RE from unfixed tissues
Portions of rat uterus were homogenized and assayed for RE, "intact" or after cutting into 4rm cryostat sections. This revealed a concentration of RE in the "intact" portion of 6 69 fmol/mg tissue, but only 2-45 fmol/mg tissue in the "sectioned" portion, a loss of over 5000 of detectable RE.
Frozen sections of tissue were exposed to aqueous processing media and RE assays performed on the sections and media after separation by gentle centrifugation. The results of these assays, on 4pim and 14,am sections, and their respective media, are shown in Fig 1. In the case of 4ftm sections, RE activity in the washing buffer was 4 x that remaining in the sections and, in the case of 14km sections, was 3 x as great. Thus, it is evident that RE is very readily lost from unfixed tissues. 
Loss of RE during fixation
Acetone.-When rat uteri were exposed to either acetone or buffer for 4 min, homogenized and separated into cytosol and pellet for RE-assay, no activity was dletectable in the pellet preparation from the tinfixed (buffer-exposed) specimen. in slices incubated with 3H -oestradiol plus excess, unlabelled oestradiol. This differential labelling was regarded as indicative of RE. In tissuie slices which had been fixed in ethanol/acetone after incubation with steroid, minimal uptake of 3H-oestradiol was detectable, and there was no differential labelling between slices incubated with 3H-oestradiol alone and those incubated in the presence of unlabelled oestradiol (see Table II ). This finding suggested that any binding of steroid to tissue which had occurred during the incubation period had been abolished by exposure to the fixative.
Relative binding affinities (RA) of oestradiol conjugates and parent comnpounds The following 7 compounds were subjected to competitive-binding studies: I 7/3-oestradiol, the parent molecule: two prepara- , 1979) . Theoretical considerations concerning the postulated site of the oestradiol-RE bond (Ellis & Ringold, 1971 ) and the maintenance of the antigenecity of oestradiol (Lindner et al., 1972) would favour the C6 position as the site of conjugation. However our own results (Table III) al., 1977; King et al., 1979) have been advocated as appropriate for biochemical techniques using a single, saturating dose of labelled oestradiol. If a concentration vastly in excess of that needed for saturation is used, binding to nonspecific proteins (e.g. albumin, Kd= 10-4 to 10-5) is increased. Such binding may be confused with specific RE, in that it may be inhibited by the presence of an even higher concentration of competitor.
The concentrations of labelled oestradiol in the various histochemical techniques are very much higher than the 1-5nM suggested for RE saturation. Pertschuk et al. (1979) used a conjugate concentration of 370nM (1480nm with respect to the oestradiol moieties). Lee (1979) used a conjugate concentration of 46 puM (1 1 mm with respect to oestradiol). The approximate conjugate and oestradiol concentrations used by Walker et al. (1980) were 1-5 )M and 50 pM respectively (estimates based on protein assays carried out by the present authors). At concentrations such as these, binding to low-affinity sites would almost certainly occur, leading to difficulties in interpreting the results.
In summary, there is wide agreement that a reliable and reproducible technique for the identification of RE in histological sections would represent a significant advance over currently available biochemical assays. From the good correlation with the results of biochemical assays reported by at least two groups, it would seem that such a histochemical technique may, indeed, be a reality. However, the losses of RE inherent in histochemical processing, the low binding affinities of many oestradiol conjugates, and the inconsistency between the concentrations of conjugates and competitors used and the known binding affinity of RE, must raise serious doubts that true RE is being demonstarated. It 
